1. Introduction {#s0010}
===============

During the last few decades, there has been a revolution in the drug industry due to development of medicinal chemistry and studies on the basic cause of development of different diseases. The development of medicinal chemistry has been rewarding ([@bib36]). It has greatly facilitated the development of drugs and understanding the mechanism of drug actions. In its usual sense, medicinal chemistry simply meant the application of organic chemistry to drug synthesis, but now, under its umbrella come various other aspects of drug design, such as identification of metabolites, studies of enzymes responsible for different diseases, computational chemistry, study of three-dimensional structures of molecules and enzymes, study of physicochemical properties of drug molecules, topology, development of quantitative structure-activity relationships, molecular modeling, X-ray crystallography, nuclear magnetic resonance (NMR), and molecular dynamics ([@bib38]). Thus all research directed to design and develop drugs can be included in medicinal chemistry. Medicinal chemistry has been organic chemistry in the chemistry departments, where the chemists used to only find out ways of synthesis of a particular drug. Now it has become a valuable subject of pharmacy departments with the name pharmaceutical chemistry, where the pharmacists focus on medicinal chemistry to understand and predict what changes in molecular structures will lead to enhance the biologic activity vis-à-vis a medicinal chemist who viewed medicinal chemistry as strictly application oriented. Thus, medicinal chemistry is a complex science that has gone beyond the hands of classical organic chemists. Now a career in medicinal chemistry has become rewarding but more challenging, too. Today, a medicinal chemist is expected to not only have the knowledge of organic chemistry but also cause of diseases. At the biologic interface, medicinal chemistry combines to form a set of highly interdisciplinary sciences encompassing synthetic chemistry, computational chemistry, spectroscopy, enzymology, virology, microbiology, toxicology, etc., and thus medicinal chemistry is now playing a significant role in design and development of drugs. In this chapter, we present both experimental and theoretical roles of medicinal chemistry in designing antihepatitis drugs. The virology has provided enough information regarding the life cycles of different life-threatening viruses and the crucial steps necessary for their replication. These crucial steps involve different polymerases and proteases that could be found as important targets for the design of potent antiviral drugs. Now, we describe here the exploitation of such polymerases and proteases that could be successfully utilized for the design of drugs against all five hepatitis viruses: hepatitis A virus (HAV) to hepatitis E virus (HEV). However, in this chapter, we have chosen only the discussion of drugs against HAV, hepatitis D virus (HDV), and HEV, as they are less studied compared to hepatitis B virus (HBV) and hepatitis C virus.

2. Anti-HAV Drugs Studies {#s0015}
=========================

2.1. Experimental {#s0020}
-----------------

For designing anti-HAV drugs, the target that has been extensively exploited is its 3C protease (3Cpro). This HAV 3Cpro is a picornaviral cysteine protease that is essential for cleavage of the initially synthesized viral polyprotein precursor to mature fragments and is therefore required for viral replication in vivo ([@bib40]). It has been observed that this protease cleaves two peptides, corresponding to the viral polyprotein 2 B/2C and 2 C/3A junctions, most efficiently ([@bib41]). 3Cpro generally recognizes peptide substrates with [l]{.smallcaps}-glutamine at the P1 site. Cysteine proteases usually adopt a chymotrypsin-like fold ([@bib34], [@bib46]) and display an active site configuration like those of serine proteases. Because of these specificities, mostly peptide-based compounds were studied as HAV 3Cpro inhibitors. However, so far, the following different types of 3Cpro inhibitors have been studied:a.peptide aldehyde inhibitors ([@bib45])b.azaglutamine and keto-glutamine derivatives ([@bib40], [@bib47])c.azodicarboxamides ([@bib39])d.pseudoxazolones ([@bib50])e.serine and threonine *β*-lactones ([@bib44], [@bib43])f.triazolo\[4,3-b\]pyridazines ([@bib49])g.heteroaromatic esters ([@bib11])

### 2.1.1. Peptide Aldehyde Inhibitors {#s0025}

The development of peptide aldehyde inhibitors was based on the modification of acetyl-Leu-Ala-Ala sequence to act as the competitors of the natural substrate Leu-Arg-Thr ([@bib41], [@bib45]). On the same basis, some monofluoromethylketones (FMKs) were also developed as 3Cpro inhibitors ([@bib20]), and it was found that when an FMK was complexed with HAV 3Cpro, it had covalent bonding with the catalytic cysteine ([@bib32]). The common feature of substrate required for recognition by all 3C proteases was found to be glutamine residue in P1 position ([@bib14]) (Pn and Pnʹ refer to the binding sites on the left and right sides of the scissile peptide bond, respectively, and the corresponding binding sites on the substrate are referred to by Sn and Snʹ, respectively). Substrates with replacement of glutamine with an alanine were not found to act as 3Cpro substrates ([@bib41]). With various considerations, [@bib45] studied four peptide aldehydes as 3Cpro inhibitors. These inhibitors were acetyl N,N-dimethylglutaminal (Ac-Q′-H), acetyl leucinylalanylalanyl N,N′-dimethylglutaminal (Ac-LAAQ′-H), the thioester precursor (Ac-LAAQ′-SEt), and the related peptide aldehyde acetyl alanylalanylalanyl N,N-dimethylglutaminal (Ac-AAAQ′-H). Out of these compounds, acetyl leucinylalanylalanyl N,N′-dimethylglutaminal (Ac-LAAQ′-H) was found to be the most active. In this inhibitor, if leucine (L) residue was replaced with alanine residue (A), it resulted in a fivefold loss in activity.

### 2.1.2. AzaGlutamine and Keto-Glutamine Derivatives {#s0030}

Since HAV 3Cpro generally recognizes peptide substrates with [l]{.smallcaps}-glutamine at the P1 site, four types of analogs having an azaglutamine residue, as shown in [Fig. 5.1](#f0010){ref-type="fig"} by A, B, C, and D, were chemically synthesized by [@bib40]. These compounds were hydrazo-*o*-nitrophenyl-sulfenamides (A), frame-shifted hydrazo-*o*-nitrophenylsulfenamides (B), the azaglutamine sulfonamides (C), and haloacetyl azaglutamine analogs (D).Figure 5.1HAV 3Cpro inhibitors having azaglutamine residue: hydrazo-*o*-nitrophenyl-sulfenamides (A), frame-shifted hydrazo-*o*-nitrophenylsulfenamides (B), the azaglutamine sulfonamides (C), and haloacetyl azaglutamine analogs (D) (Huang et al., 1999).

For generation of inhibitors of proteases, including cysteine proteases, incorporation of hydrazine functionality into peptide backbones (azapeptides) was shown to be crucial ([@bib10], [@bib6], [@bib1]). However, [@bib40] examined a number of sulfur-containing azaglutamine derivatives as potential inhibitors of HAV 3Cpro and provided synthetic access to four types of aza-amino acid peptide analogs, as shown in [Fig. 5.1](#f0010){ref-type="fig"}. Among all the groups of compounds, only one compound belonging to group B (Rʹ = Ac-Leu-Ala-Ala) and two compounds belonging to group D (X = Cl, and X = Br) were found to be active against HAV 3Cpro. These compounds were found to irreversibly react with the active site thiol (Cys-172) of the protease. It is therefore not unreasonable to expect that such substrate analogs may be developed to act as potent 3Cpro inhibitors.

Since the enzyme recognizes peptide substrates with a glutamine residue at the P1 site, a number of ketone-containing glutamine compounds were also synthesized and tested by [@bib47] for their inhibition activity against HAV 3Cpro. The crystal structure of HAV 3Cpro has been determined ([@bib4], [@bib35]), and it has been found that it has a two-domain β-barrel fold, characteristic of chymotrypsin-like serine proteinases ([@bib35], [@bib8], [@bib17]). In HAV 3Cpro an active site cysteine (Cys172) acts as a nucleophile with assistance from a histidine residue (His44), which behaves as a general acid-base catalyst. It leads to the formation of a tetrahedral intermediate being promoted by an electrophilic oxyanion hole ([@bib35], [@bib8]). In the binding with the substrate, four to five residues (P5 to P1) preceding the scissile bond and two to three residues (P1ʹ to P3ʹ) following it have been found to be involved ([@bib47] [@bib25]) ([Fig. 5.2](#f0015){ref-type="fig"} ). Additionally, the enzyme-substrate interaction has also been shown to involve hydrogen bonding between the carbonyl oxygen of P1-glutamine of the enzyme and His191 of S1 in substrate ([@bib35] [@bib8], [@bib17]). In search of potential therapeutic leads to develop potent 3Cpro inhibitors, a variety of compounds, as mentioned earlier in Section 2.1.2, were tried. A series of keto-glutamine analogs as 3Cpro Inhibitors were studied by [@bib47] to finally design a potent compound **1** having inhibition constant Ki equal to 9 μM. The activity of this compound was not affected in the presence of a 100-fold excess of dithiothreitol (DTT), which indicated that this type of phthalhydrazido system could be a specific inhibitor of HAV 3Cpro that would not react inadvertently with ubiquitous thiols (e.g., glutathione). Additionally, a compound **2** was suggested by these authors to be an interesting lead structure that could be further modified to generate drug candidates for picornaviral cysteine proteases. Figure 5.2A schematic representation of HAV 3C protease showing the sequence of residues at the 2B--2C junction.Reprinted with permission from Ramtohul, et al., 2002a. J. Org. Chem. 67, 3169--3178. Copyright American Chemical Society 2002.

### 2.1.3. Azodicarboxamides {#s0035}

[@bib39] studied a group of azodicarboxamides as HAV 3Cpro inhibitors, among which a few compounds, as shown in [Fig. 5.3](#f0020){ref-type="fig"} , were found to have good inhibition activity. All four compounds, **3--6**, had their activity in the micromolar range as 23, 10, 32, and 62 μM, respectively. Hill and Vederas argued that these compounds inhibit the protease through the formation of a covalent complex with the enzyme. When the most active compound **4** was modeled into the active site of HAV 3Cpro based upon a cocrystal structure of HAV 3Cpro with a covalent addition of acetyl-Val-Phe-amide to Cys 172, it was observed that the carbonyl oxygen, which has the hydrogen bonding with the backbone nitrogen residue 170, neither appeared to fall into the oxyanion hole canonically nor to form any hydrogen bond with the nitrogen of Cys172 ([Fig. 5.4](#f0025){ref-type="fig"} ). Also, the phenyl ring of the compound did not appear to fully enter the S2ʹ pocket because of the rigidity of the compound relative to the peptide. These azodicarboxamides were suggested to be potentially useful for cocrystallization studies, since recognition elements could be built onto either side of the azo moiety. This can span both the P and Pʹ sites of the active site, while usually cysteine protease inhibitors utilize recognition on only one side of the active site ([@bib39]).Figure 5.3Some azodicarboxamides acting against HAV 3C proteases.Figure 5.4Molecular modeling of the most active compound (**4**) into the active site of HAV 3Cpro based upon a cocrystal structure of the protease with a covalent addition of acetyl-Val-Phe-amide to Cys172. The inhibitor molecule is shown in *green* with oxygen in *red* and nitrogen in *blue*.Reprinted with permission from Hill, Vederas, 1999. J.Org.Chem. 64, 9538--9546. Copyright American Chemical Society 1999.

### 2.1.4. Pseudoxazolones {#s0040}

Some pseudoxazolones, as represented by **7--10** in [Fig. 5.5](#f0030){ref-type="fig"} , were studied by [@bib50]. In the entire series, these compounds were found to have the highest activity, having IC~50~ values of 6, 4, 3, and 4 μM, respectively. The enzyme inactivation by these compounds was suggested to involve covalent modification of the active site cysteine residue through nucleophilic addition of the thiolate to the imine moiety of the compounds. However, these pseudoxazolones were found to completely lose their activity in the presence of DTT. This indicated that added thiol reacts rapidly with these compounds, so such compounds were not assumed to be useful drug candidates without considerable modifications ([@bib50]). However, they were suggested to be valuable biochemical tools to derive important information about enzyme-inhibitor interaction. Figure 5.5Some representative pseudoxazolones studied as HAV 3Cpro inhibitors.

### 2.1.5. Serine and Threonine β-Lactones {#s0045}

[@bib44] studied *β*-lactone functionality in the enantiomeric serine derivatives to find its effect on HAV 3Cpro inhibition and found that compounds such as **11** and **12** could display good irreversible and reversible inhibition, respectively, of this enzyme. This work was based on the fact that many of the naturally occurring *β*-lactones possess potent biologic activity ([@bib16], [@bib24], [@bib31]) and that the ability of the thiols to open the four-membered ring by nucleophilic attack at either the carbonyl or at β-position might be useful to make them irreversible inhibitors of cysteine proteases. These two compounds were, however, N-Cbz-serine *β*-lactones.

Despite the absence of a P1 glutamine side chain important for substrate recognition, compound **11** was found to be a good time-dependent irreversible inhibitor of HAV 3Cpro (K~inact~  = 0.70 min^−1^, K~I~  = 1.84 × 10^−4^  M, and Kinact/K~I~  = 3800M^−1^min^−1^) at an enzyme concentration of 0.1 μM, and the enantiomer **12** was found to be a competitive reversible inhibitor of HAV 3Cpro with K~I~ equal to 1.50 μM at a similar enzyme concentration. Thus, Lall et al. suggested that HAV 3Cpro active site may have different modes of binding for enantiomers **11** and **12**, so the former acts as an irreversible inhibitor and the latter as a reversible inhibitor.

Encouraged by this, Lall et al. later studied some threonine β-lactones (**13**) with different configurations at α and β positions and R = SO~2~(CH~n~)~2~Ph (n = 1 or 2) ([@bib43]). Among threonine β-lactones, the two D-allo-threonine β-lactones, **14** and **15,** were found to be the most active against HAV 3Cpro with IC~50~ values of 5 and 12 μM, respectively. Thus both the communications of [@bib44], [@bib43] established the role of β-lactones in the inhibition of HAV 3C protease.

### 2.1.6. Heteroaromatic Esters {#s0050}

In an attempt to find broad-spectrum inhibitors of 3C and 3C-like (3CL) proteases of picornaviruses and coronaviruses, respectively, [@bib11] screened a large library of heteroaromatic esters with some representative structures, as shown in [Fig. 5.6](#f0035){ref-type="fig"} . Three compounds in the library having furan rings were found to inhibit HAV 3Cpro with K~I~ values between 120 and 240 nM. These compounds were reported to be among the most potent nonpeptidic 3Cpro inhibitors reported so far. The most potent compound, however, screened against HAV 3Cpro was **20** with an IC~50~ value of 53 ± 2 nM. A modeling study was performed on this compound to find that halopyridinyl moiety of the compound fits tightly into the S1-binding pocket and that its nitrogen is hydrogen-bonded to N^ε2^ of His191 (3.0 Å) and the halogen atom points out toward the solvent ([Fig. 5.7A](#f0040){ref-type="fig"} ). Further, the carbonyl oxygen of the ester in the oxyanion hole of the enzyme forms two hydrogen bonds, one with nitrogen of Gly170 (3.1 Å) and other with nitrogen of Cys172 (2.7 Å). Similar interactions of this compound are shown with severe acute respiratory syndrome (SARS) 3CL protease ([Fig. 5.7B](#f0040){ref-type="fig"}).Figure 5.6Some representative structures of heteroaromatic esters studied as 3C^pro^ and 3CL^pro^ inhibitors by [@bib11].Figure 5.7Docking of compound **20** in HAV 3Cpro (A) and SARS 3CLpro (B). In both the cases the compound is shown to have three hydrogen bonds with each protease and its halopyridinyl moiety to be engulfed into the S1 binding pocket.Reprinted with permission from Huitema et al., 2002a, 2008. Bioorg. Med. Chem. 16, 5761--5777. Copyright Elsevier 2008.

2.2. Theoretical {#s0055}
----------------

No substantial theoretical studies are available on HAV inhibitors except the one discussed before in [Section 2.1.6](#s0050){ref-type="sec"} for heteroaromatic esters.

3. Anti-HDV Drugs Studies {#s0060}
=========================

3.1. Experimental {#s0065}
-----------------

As already discussed, HDV can cause severe liver disease, but so far, no specific therapy has been developed against this virus. In fact, in its life cycle, no crucial target has been found to be exploited for drug design. However, through some studies, it has been pointed out that the prenylation site of large delta antigen is a critical determinant of HDV particle assembly, so delta antigen prenylation can be pharmacologically exploited to develop anti-HDV drugs. In this context, a benzodiazepine peptidomimetic (C~27~H~33~N~5~O~5~S~2~), BZA-5B, with IUPAC name of "Methyl (2S)-2-\[\[2-\[3-\[(2-amino-3-sulfanylpropanoyl)-methylamino\]-2-oxo-5-phenyl-3H-1,4-benzodiazepin-1-yl\]acetyl\]amino\]-4-methylsulfanylbutanoate" (**21**) was developed as an HDV prenylation inhibitor. This drug was originally synthesized as a specific prenyltransferase inhibitor and known to inhibit prenylation of the oncoprotein H-Ras^V12^ ([@bib19]). [@bib37] later studied to establish that this BA-5B could be used as an anti-HDV drug.

Some authors have studied the bile acids (BAs) as anti-HDV agents ([@bib30], [@bib23]). BAs, with general structures as shown in [Fig. 5.8](#f0045){ref-type="fig"} , are steroid acids found predominantly in the bile of mammals and vertebrates. A polypeptide known as sodium-taurocholate cotransporting polypeptide (NTCP) is both a BA transporter mediating uptake of BA into hepatocytes and an essential receptor for HBV and HDV. Thus, it is of interest to study as to what extent and through what mechanism BAs can affect HDV cell entry. Inhibitory BAs can inhibit NTCP-mediated HDV entry into hepatocytes, suggesting that modulation of BA pool may affect HDV infection of hepatocytes. It is, however, reasonable to speculate that the conformation of NTCP favorable for substrate binding and that for virus binding may mutually affect each other. BAs act as substrate of NTPC. Working on a set of BAs, [@bib23] demonstrated that BAs inhibit HDV cell entry, which occurs most likely through competition for binding to NTCP between BAs and the large HBV surface protein that has been shown to mediate binding of HBV and HDV to NTCP. However, with all efforts, there are still no approved drugs in the market or in advance clinical development stage against HDV.Figure 5.8General structure of bile acids.

3.2. Theoretical {#s0070}
----------------

Like HAV inhibitors, not many theoretical studies are available on HDV inhibitors. However, a compound, 3-(((4,7-Dichloro-1,3-benzoxazol-2-yl)methyl)amino)-5-ethyl-6-methylpyridin-2(1H)-one, (L-697661, **22**), was developed by [@bib27] as an anti-HDV drug through virtual screening and molecular docking studies. These authors selected a large set of HDV replication inhibitors from the National Centre for Biotechnology Information Pub-Chem compound database as ligand molecules having the ability to inhibit the replication of small delta antigen (S-HDAg) protein of HDV, which is required for HDV RNA replication in vivo ([@bib42]). For the docking study, the three-dimensional structure model of S-HDAg protein of HDV was retrieved from Protein Model Database (<http://mi.caspur.it/PMDB/>) as PM0075974 and used as a receptor. In the docking study, the binding modes and geometric orientation of all compounds were found to be almost identical, suggesting that all inhibitors occupied a common cavity in the receptor. However, compound **22** was considered to be a potential candidate drug for HDV inhibition.

4. Anti-HEV Drugs Studies {#s0075}
=========================

4.1. Experimental {#s0080}
-----------------

It is now known that HEV can be responsible for chronic hepatitis in immunocompromised patients. Unfortunately, there is still no established therapy for this chronic infection, which can rapidly evolve to cirrhosis and can require liver transplantation ([@bib9], [@bib7], [@bib12]). It was, however, reported that a compound, ribavirin (**23**), may have antiviral effects ([@bib18]), but later the follow-up after ribavirin cessation was found to be very short. Although this compound has been shown to inhibit the replication of a wide range of RNA and DNA viruses ([@bib26], [@bib22]), its sustained effect against HEV has hardly been reported. However, [@bib13] reported that ribavirin monotherapy could inhibit the replication of HEV in vivo and might induce a sustained virologic response in patients with chronic HEV infections, but to determine the optimal duration of effect of ribavirin therapy, further studies are still required.

Some authors studied the effect of another antiviral compound, sofosbuvir (**24**), on HEV infection ([@bib29]) and found that it can inhibit replication of HEV genotype 3 both in subgenomic replicon systems as well as full-length infectious clone, but they suggested that an additive antiviral effect may result if it is combined with ribavirin. Thus, sofosbuvir may be considered an add-on therapy to ribavirin for the treatment of chronic hepatitis E in immunocompromised patients.

In an effort to find a new category of anti-HEV drugs, [@bib21] tested a series of phosphorodiamidate morpholino oligomers (PMOs) for their ability to inhibit HEV replication in liver cells. PMOs are nuclease-resistant single-stranded DNA analogs containing a backbone of morpholine rings and phosphorodiamidate linkages ([@bib28]). A PMO can conjugate to an arginine-rich cell, penetrating the peptide to facilitate the entry into the cells ([@bib2], [@bib28]). These peptide-conjugated PMOs (PPMOs) are water soluble, so they can readily enter the cells. When these PPMOs were studied for HEV inhibition by [@bib21], it was found that some of them displayed potent inhibition of HEV genotype 1 replication. A PPMO that targeted start site region of HEV ORF1 (PPMO HP1) was observed to also effectively inhibit replication of genotype 3 Kernow-C1 strain in liver cells. The conserved nature of the target of PPMO HP1 and its overall efficacy suggested that this compound may be an HEV-specific inhibitor with antiviral activity across multiple HEV genotypes. In addition to PPMO HP1, three more PPMOs, HP2, HP3U, and HPN3, were found to be promising to be developed as anti-HEV agents. All these PPMOs are given in [Table 5.1](#t0010){ref-type="table"} with their specifications. It can be seen in [Table 5.1](#t0010){ref-type="table"} that PPMO HP1 and HP2 are complementary to a sequence in the 5ʹ-end region of genomic and subgenomic RNA, respectively. On the other hand, HP3U is complementary to a sequence in the terminal region of the 3′ UTR, and HPN3 is the reverse complement of HP1 and was intended to interfere with the synthesis of positive-sense genomic RNA. PPMO HP1 and HP2 are complementary to a sequence in the 5ʹ end region of genomic and subgenomic RNA, respectively ([Table 5.1](#t0010){ref-type="table"}). HP3U is complementary to a sequence in the terminal region of the 3′ UTR. HPN3 is the reverse complement of HP1 and was intended to interfere with the synthesis of positive-sense genomic RNA. A nonsense-sequence PPMO CP1 ([@bib33]), which has little agreement with HEV or human mRNA sequences, was used as a negative control PPMO. CP1 with fluorescein conjugated at its 3ʹ end (CP1--F) was used in the PPMO uptake assay. PPMOs were synthesized with an arginine-rich cell-penetrating peptide (P7) conjugated at the 5ʹ end at AVI BioPharma Inc (Corvallis, OR), as previously described ([@bib2]).Table 5.1PPMOs designed against HEV Sar55 strainPPMOSequence(5ʹ-3ʹ)Target site in HEV genome (position)HP1GGGCCTCCATGGCATCGACCStart site region of ORF1 (18--37)HP2CATGGGCGCAGCAAAAGACAStart site region of ORF2 (5116--5135)HP3UGCGCGAAACGCAGAAAAGAGTerminal region of 3′ UTR (7169--7188)HPN3GGTCGATGCCATGGAGGCCC3′ terminal region of negative sense RNA

4.2. Theoretical {#s0085}
----------------

No substantial theoretical work is available on anti-HEV drugs.

5. Conclusions {#s0090}
==============

This chapter has presented theoretical and experimental studies on anti-HAV, anti-HDV, and anti-HEV drugs. For anti-HAV, the 3Cpro of the virus has been well exploited, and the following classes of inhibitors have been developed for its inhibition: peptide aldehydes, azaglutamine and keto-glutamine derivatives, azodicarboxamides, pseudoxazolones, serine and threonine *β*-lactones, triazolo\[4,3-b\]pyridazines, and heteroaromatic esters. A theoretical study has been conducted on heteroaromatic esters, where the most potent compound of the series (**20**) when docked into HAV 3Cpro was found to have its halopyridinyl moiety to completely fit into the S1-binding pocket of the enzyme and its nitrogen to have hydrogen bonding with N^ε2^ of His191 residue of the enzyme. Further, the carbonyl oxygen of the ester in the oxyanion hole of the enzyme was observed to form two hydrogen bonds, one with nitrogen of Gly170 (3.1 Å) and other with nitrogen of Cys172 (2.7 Å), and the halogen atom was found to point toward the solvent ([Fig. 5.7A](#f0040){ref-type="fig"}). For anti-HDV drugs, a delta antigen prenylation inhibitor such as **21** and some BAs were studied to inhibit NTCP-mediated HDV entry into hepatocytes. As far as theoretical study on anti-HDV drugs is concerned, a large set of HDV replication inhibitors was selected from the database to be docked in small delta antigen (S-HDAg) protein of HDV. The docking study had shown that the binding modes and geometric orientation of all compounds were almost identical, suggesting that all inhibitors occupied a common cavity in the receptor, but a compound **22** was considered to be a potential candidate drug for HDV inhibition. No more theoretical studies were available on anti-HDV drugs. For HEV therapy, a series of PMOs were studied. PMOs could conjugate to an arginine-rich cell, penetrating the peptide to facilitate the entry into the cells. Out of these peptide-conjugated PMOs (PPMOs), a few were found to be potent inhibitors of HEV genotype 1 replication. Further studies are not available on anti-HEV drugs, and theoretical studies are almost lacking.
